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INTRODUCTION 
Conservation farming minimizes the inputs for planting 
and harvesting of crops. Conservation tillage is employed 
to plant seeds in soils that have received little or no till­
age. These systems include minimum tillage, mulch tillage, 
and zero tillage. 
Tillage is the mechanical manipulation of the soil for 
the purpose of changing its condition for crop production. 
Some of the objectives of tillage are: 
(1) To develop desired soil structure for a seedbed 
or rootbed; 
(2) To control weeds or to remove unwanted crop plants 
(thinning); 
(3) To establish specific surface configurations for plant­
ing, irrigation, drainage, harvesting operations, etc.; 
and 
(4) To incorporate and mix fertilizers, pesticides, or 
soil amendments into the soil. 
The major drawbacks of conventional (clean) tillage 
are that: 
(1) More tillage is being done than is necessary to assure 
maximum net income from crop production; 
(2) Soil compaction from the tractor and implements in a 
sequence of secondary tillage operations may virtually 
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eliminate the effects of primary tillage operations ; 
(3) It cuts the soil loose from the planet Earth and makes 
it more susceptible to wind and water erosion; and 
(4) It requires high inputs of mechanical energy and labor. 
In the United States alone, it was estimated (Gill and 
Vanden Berg, 1967) that more than 226,800 billion kg 
(250 billion tons) of soil were stirred or turned each 
g 
year. Plowing this soil required 1.892 x 10 liters 
O 
(5.00 X 10 gallons) of gasoline or diesel fuel. 
By comparison, conservation tillage reduces mechanical 
energy, labor requirements, number of trips over the field, 
erosion, and conserves moisture. Lai (1975) studied soil 
losses through water erosion in Nigeria and found them to 
be as high as 200 tonnes/ha (220.46 tons/acre) per year on 
tilled soils of just 10% slope even when under a crop of 
corn. This erosion could be reduced 98% by leaving the soil 
untilied. Water run-off was likewise reduced from 42% of 
rainfall falling on the bare soil to less than 2.5% on un­
tilied soils. 
Current commercially available conservation farming 
planters are modified conventional planters. The modifica­
tion consists of mounting a waffled rolling coulter in front 
of the furrow opener. The functions of the waffled rolling 
coulter are to cut plant residue and till a narrow strip of 
soil, thereby enabling the furrow opener to penetrate to the 
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desired depth and the furrow-closing mechanism behind the 
seed tube to cover the seed. Plant residue, hard soil, or 
sod usually prevent conventional furrow openers from func­
tioning properly (Erbach and Lovely, 1976). Planting depth 
and seed coverage are often erratic, resulting in nonuniform 
emergence, growth, and maturity, harvesting delays and yield 
reductions (Erbach et al., 1980). Neither runner nor disk 
furrow openers penetrate well in hard soil. Both disk and 
runner furrow openers smear the furrow walls in wet soils. 
Hoe openers penetrate soil under most conditions but become 
blocked with residue. 
A punch planter employs ground engaging parts for 
punching a hole in the soil and then drops a seed in the 
hole as the punch leaves the hole it had just made in the 
soil. A well-designed punch planter will plant seeds equi-
distantly (i.e., precision plant), penetrate residue to 
drop the seed at the appropriate depth, and also remain 
unclogged by residue and/or dirt. 
The thrust of tillage research at Iowa State University 
in the 1980s is to replace conventional tillage with conser­
vation tillage. 
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OBJECTIVES 
The specific objectives of this research are: 
(1) To design and fabricate a conservation farming planter 
for corn. 
(2) To assess the ability of the planter by testing its 
performance with respect to: 
(a) Punching holes in the soil at regular spacing 
of 25.4 cm (10.00 in) along the row. 
(b) Metering the grains and depositing one seed in 
each punched hole at the proper depth of 5.08 cm 
(2 in). 
(c) Covering the seed and compacting the soil around 
the seed to the proper degree. 
(d) Performing these functions accurately at fairly 
high rates of speed. 
(3) To determine the effect of planter speed on percent 
fill of punched holes, 
(4) To determine the percent emergence of the planted 
seeds. 
(5) To determine the overall efficiency of the planter. 
(6) To suggest modifications to improve planter 
performance. 
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REVIEW OF LITERATURE 
Types of Tillage 
Conventional tillage consists of series of primary till­
age and secondary tillage operations. The initial soil work­
ing operation is designed to reduce soil strength, cover 
plant materials, and rearrange aggregates. The secondary 
tillage operations are designed to create refined soil con­
ditions by reducing clod size. The moldboard plow has been 
the most commonly used primary tillage tool but disk plows, 
heavy-duty disk harrows, chisel-type tools, blade-type sub­
surface tillers, and rotary tillers are also now being 
employed in greater numbers (Kepner et al., 1978). A wide 
variety of implements including some of those mentioned 
above are also used for secondary tillage. 
Minimum tillage is a concept in which the number and 
degree of soil manipulation for crop production is minimized. 
In many cases, the concept leads to planting in coarser or 
only partially tilled seed beds. In some minimum-tillage 
systems, till-and-plant combination units follow plowing, 
chiseling, or other primary tillage. Other types of combina­
tion units perform zone or strip tillage just ahead of the 
planters in untilled soil or in soil that was plowed during 
the previous fall. Several arrangements of combination units 
that will perform minimum-tillage and planting operations are 
commercially available. Minimum tillage systems may 
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introduce new management problems, particularly when surface 
plant residues are involved. Insect problems may be in­
creased and effective chemical weed control is essential 
(Kepner et al., 1978). 
Mulch tillage extends the minimum tillage concept to 
employ the plant residue in a positive manner. It involves 
cutting the roots of weeds and other plants and leaving the 
crop residue on the surface or mixed into the top few centi­
meters of soil. The proper disposition of residue depends 
upon the amount present and the subsequent operations in­
volved. The large amounts of residue at or near the surface 
protect the soil from wind and water erosion, high tempera­
ture and rapid loss of water by evaporation but introduces 
problems in planting (since the planter must penetrate the 
mulch) and in cultivation if row crops are included in the 
crop rotation. Special blade-type subsurface tillers have 
been developed to undercut the growing plants or crop resi­
dues and perform either the initial or subsequent tillage 
operations without stirring or turning the tilled layer. In 
extremely heavy mulches where some of the residue must be 
mixed into the top few centimeters of soil, vertical-disk 
plows and disk harrows may be used. Field cultivators, 
chisel plows, rotary hoes, and skew or mulch treaders are 
also employed in some situations (Woodruff and Chepil, 1958). 
Zero tillage is a procedure whereby seeds are planted 
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directly into an essentially unprepared seedbed (American 
Society of Agricultural Engineers, 1982). This implies that 
some or all of the crop and plant residues are left on the 
soil and hence the soil remains practically undisturbed dur­
ing planting. Chemicals are used for weed control. 
Planting 
Crop planting operations may involve placing seeds or 
tubers (such as potatoes) in the soil at a predetermined 
depth, random scattering or dropping of seeds on the surface 
(broadcasting), or setting plants in the soil (transplant­
ing) . Machines that place the seed in the soil and cover it 
in the same operation create definite rows. If the rows or 
planting beds are spaced far enough apart to permit operat­
ing ground-engaging tools or other machinery between them for 
intertilling or other cultural operations, the resulting 
practice is called row-crop planting; otherwise, it is con­
sidered to be solid planting. Thus, grain drilled in rows 
15 to 36 cm (6 to 14 in) apart is a solid planting, whereas 
sugar beets, with rows commonly 51 cm (20 in) apart, are 
grown as a row crop (Kepner et al., 1978). With appropriate 
planting equipment, seeds may be distributed according to 
any of the following methods or patterns : 
(1) Broadcasting (random scattering of seeds over the 
surface of the field); 
(2) Drill seeding (random dropping and covering of seeds 
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in furrows to give definite rows); 
(3) Precision planting (accurate placing of single seeds at 
about equal intervals in rows); 
(4) Hill dropping (placing groups of seeds at about equal 
intervals in rows). 
Solid planting is generally done by one of the first 
two methods, whereas row-crop planting may involve any of 
the methods except broadcasting. With the exception of 
broadcasters, a seed planter is required to perform all of 
the following mechanical functions; 
(1) Meter the seed; 
(2) Deposit the seed in an acceptable pattern; 
(3) Cover the seed and compact the soil around the seed to 
prevent rapid loss of moisture from the soil around the 
seed; 
(4) Should neither damage the seed nor affect germination, 
that is, the seed should be placed in the soil in such a 
manner that all the factors affecting germination and 
emergence will be as favorable as possible; 
(5) Since timeliness is of extrejne importance in the major­
ity of planting operations, it is desirable that a 
planter be able to perform these functions accurately 
at fairly high rates of speed; and 
(6) Uniform soil penetration. 
In addition to the above, a conservation tillage planter 
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must meet the following requirements: 
(1) Sufficient tilling of the seed zone to obtain good 
seed-soil contact; 
(2) Ability to follow the contour; 
(3) Ability to roll over obstacles without machine stoppage 
or damage; and 
(4) No clogging due to residue or soil. 
Important factors that affect germination and emergence 
include the viability of the seed (percent germination under 
controlled laboratory conditions), soil temperature, avail­
ability of soil moisture to the seeds, soil aeration, and 
mechanical impedance to seedling emergence (i.e., the re­
sistance of the soil to penetration by the seedling). These 
are influenced by the soil type, the physical condition of 
the soil, the depth of planting, the intimacy of contact be­
tween the seeds and the soil, the degree of compacting the 
soil above the seeds, and formation of surface crusts after 
planting. 
Final field stand is also influenced by the post-emer­
gence losses due to diseases, insects, and adverse environ­
mental conditions. Field emergence rates of 80 to 90% are 
typical for corn and other crops that tolerate a fairly wide 
range of planting conditions. In such cases, planting 
excess amount of seed in order to obtain the desired final 
stand is not required. With sugar beets and many of the 
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smaller-seed vegetable crops, however, field emergence is so 
low and unpredictable (often only 35 to 50%) that it is 
necessary to plant a considerable excess of seed and then 
thin as required to obtain the desired stand. 
Planter performance cannot control all the factors in­
volved in emergence, but the planter does have an important 
influence on many of these factors. Precise depth control, 
placement of seeds into moist soil, and non-crusting condi­
tions above the seeds are important for small-seed vegetables 
and some other crops. Packing of the soil by the planter 
can affect the availability of moisture, the availability of 
oxygen, and mechanical impedance. Laboratory tests in 
Michigan with beans, corn and sugar beets in sandy clay loam 
indicated that pressures of 34 or 69 kPa (5 or 10 psi) ap­
plied to the soil surface after planting usually suppressed 
emergence, whereas 3.4 kPa (0.5 psi) did not (Stout et al., 
1961). A covering device should place moist soil in contact 
with the seeds, yet leave the soil directly above the row 
loose enough to minimize crusting and promote easy emergence. 
Soil Environment in Conservation Tillage 
The deeply rooted tradition that thorough cultivation 
was essential for good husbandry, to which Pereira (1975) has 
referred, made it easy for the farmer to assume that the new 
methods of conservation tillage would be only a convenient 
short-cut, lacking merit except for the economy of effort, 
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and likely to incur considerable risk, especially if prac­
ticed for an extended period of time. But research data did 
not support this view. Many years before, on the basis of 
extended research on cultivation at Rothamsted, England, 
Keen and Russell (1937) had found "no justification for oper­
ations beyond the minimum needed to get a seedbed and to 
check weeds until the crop is well-established. Work in 
excess of this minimum, far from increasing the crop, ap­
preciably diminishes it." 
The first and often the most obvious change in the soil 
when direct drilling is introduced is its greater consolida­
tion or compaction (Cannell and Finney, 1973). Bulk density 
and resistance to penetrometers are usually greater than on 
plowed land (Soane et al., 1975) and the total pore space of 
the soil is correspondingly reduced. These changes in bulk 
properties of the soil would appear to be not beneficial, 
since they tend to reduce the movement of water through soil, 
to decrease aeration and to restrict root penetration. These 
effects, however, were not always observed. Working on a 
silt loam soil, Baumer and Bakermans (1973) found that de­
spite the greater bulk density of soils which had been 
direct-drilled for an extended period, the rate at which 
rainwater moved down into the soil profile was more rapid. 
This unexpected situation was attributed to the much greater 
abundance of channels created by the deeply burrowing 
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earthworms (presumably Lumbricus spp.) when the land has been 
undisturbed for a long time; they were at least twice as 
abundant as in cultivated soil. If the soil is undisturbed 
and especially if it shrinks on drying, vertical planes of 
weakness may develop and be preserved; possibly also channels 
formed by roots of previous crops remain. The progressive 
change in soil conditions which can occur if soil is left un­
disturbed is not confined to these drainage characteristics. 
The crumb structure or tilth of the surface layers can change 
and, when direct drilling has been practiced for many years, 
the organic matter content of the surface becomes greater. 
There is much evidence that organic substances can influence 
the stability of soil aggregates, thus creating and preserv­
ing the porous structure (Russell et al., 1975). 
In considering the changes in soil conditions caused by 
direct drilling, account must be taken of further and dif­
ferent factors, namely the presence of plant debris on the 
soil surface or carried down into the soil by the drilling 
equipment. In the United States, a major advantage of direct 
drilling corn has been considered to be the presence of a 
mulch of crop debris on the soil surface which reduces ero­
sion by rainfall and wind when compared to plowing and in­
creases the rate of infiltration of water into the soil 
(Triplett et al., 1968). The most obvious difference between 
direct-drilled crops and those grown in conventionally 
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cultivated soil is that the former frequently become estab­
lished more slowly; this difference was greatest when direct 
drilling was first introduced, but even then the contrast be 
tween crops which have been cultivated in different ways 
normally decreased as they developed. If sufficient water 
and nutrients, however, are absorbed for growth to continue, 
the early retardation of growth may not lead to a correspond 
ing reduction of yield. The total amount of photosynthetic 
reaction carried out in the seedling does not directly deter 
mine the yield of cereals or other seed-bearing crops. 
Successful conservation tillage, like successful culti­
vation of crops by any method, depends to a great extent on 
the right choice of soil. Basically, the requirements are: 
(1) A fertile soil; 
(2) A well-structured soil, through which water drains free 
ly to a good natural or artificial drainage system; 
(3) A soil reasonably free of perennial weeds; 
(4) A soil that is not compacted at or below the surface. 
Pidgeon (1980) found that a soil suitable for zero till 
age planting always has a lesser bulk density and a greater 
air capacity than a soil unsuitable for zero tillage plant­
ing. With conventional systems, the secondary tillage for 
seedbed preparation either required or caused the soil mois­
ture to be in a favorable range for planter operation. 
Therefore, the soil moisture conditions in which the planter 
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must operate are similar from year to year. With conserva­
tion tillage systems, moisture at planting time varied con­
siderably from year to year, but it was usually higher with 
conservation than with conventional systems. This conserved 
moisture improved emergence and crop yields when rainfall 
after planting was insufficient (Erbach, 1981). 
Mock and Erbach (1977) reported that the average soil 
temperature decreased as the amount of plant residue above or 
near the seed zone increased. This temperature reduction re­
sulted from increased shading and moistness of the soil and 
from increased reflectance of solar radiation. The planter 
indirectly affected soil temperatures by soil disturbance and 
by manipulation of plant residue. Even though soil tempera­
ture had little effect on the action of a planter, it had a 
large effect on plant growth. 
Yield Experiments 
Lindwall et al. (1979) reported work done in comparing 
eight summer fallow systems for spring wheat production. 
The tillage and herbicide treatments are: 
(1) Blade-cultivate (May to September); 
(2) One-way disc (May to September); 
(3) Blade after harvest/herbicides (May to September); 
(4) Blade after harvest/herbicides (May to September)/blade 
(October); 
(5) Herbicides (May to September)/blade (October); 
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(6) Blade (May to June)/herbicides (July to September); 
(7) One-way disc once (May)/herbicides (June to September); 
(8) Herbicides only (May to September). 
Comparisons were made in terms of moisture and crop res­
idue conservation, yield, economics and energy efficiency. 
The chemical fallow (zero-till) consistently had more avail­
able moisture in the root zone before seeding than the other 
treatments. Fields that received only mechanical tillage had 
the least moisture and averaged about 27 mm less than chemi­
cal fallow. Although treatment differences were not statis­
tically significant, the values for moisture used by the crop 
(depletion) indicated the importance of maximizing moisture 
reserves in achieving optimum yields. Yields from plots that 
received little or no tillage during the fallow season were 
consistently greater than those from conventionally tilled 
plots. Under the conditions of this study, the main, and of­
ten the only; benefit of stimmer fallow tillage was weed con­
trol. If weeds were effectively controlled with herbicides, 
tillage was not necessary for maximum moisture conservation. 
Moisture conservation over winter was greatest when fall weed 
growth was controlled with herbicides, which left optimum 
quantities of upright crop residue to trap snow and reduce 
erosion. The herbicides/fall blade system required 30% less 
energy than the conventional system because spraying required 
only 20% of the energy needed for cultivating. The herbicides-
16 
only system required 44% less energy than the conventional 
tillage system. 
Elliot et al, (1977) carried out experiments on spring 
barley on sandy loam soil near Oxford, England, from 1969 to 
1973 to compare moldboard plowing, deep and shallow tined 
cultivation followed by conventional seed-bed preparation, 
and direct drilling. In 1969, they found fewer barley plants 
on the direct-drilled plots than on cultivated plots and pro-
2 duced fewer fertile ears/m and significantly less grain. In 
1970, 1972 and 1973, yields did not differ between treatments. 
In 1971, there were more ears/m^ and more grain was obtained 
from direct-drilled than from plowed plots. Mean grain yields 
over 5 years did not differ significantly between cultivation 
treatments. Measurements of soil physical conditions and root 
growth showed that greater soil compaction occurred in all 
years after direct-drilling (Ellis et al,, 1977), The growth 
of seminal roots of young plants was reduced by direct drill­
ing in each year but only in the first year were there sig­
nificant differences in root development between treatments 
at later stages of growth. Similarly, each year early shoot 
growth was reduced by direct drilling, but with the exception 
of the first year, the plants were subsequently able to ade­
quately compete. 
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Conservation Farming Planters 
Most previous research on conservation planters found 
in this study involved modified conventional planters. 
Basically, this consisted of mounting a rolling coulter in 
front of the furrow opener. 
Klocke (1979) described the building of two experimental 
planters, one using a smooth coulter and the other a ripple-
edged coulter. Both types of coulters were followed by hoe 
openers. The performance of the drills was satisfactory as 
long as the seed was placed into adequate soil moisture. 
Gard and McKibben (1973) reported work on a planter con­
sisting of a ripple coulter, runner opener and an angled 
coulter to close the seed furrow. 
A very popular method (especially in the United Kingdom) 
is the use of triple-disks, in which one disk cuts through 
the residue and makes a slot in the soil and a double V-
shaped disk follow after, widening the slot and feeding in 
the seed. These drills are suitable for most soil conditions . 
Allen et al. (1975) used a fluted coulter in combination 
with a double-disk on a conservation planter. The coulter 
cut residue and loosened a zone of soil about 6 cm (2.36 in) 
wide and 7.5 cm (2.95 in) deep, 
Morrison (1978) developed an experimental conservation 
tillage planter which consisted of a rolling coulter and a 
double-disk opener which were combined by locating the 
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trailing portion of a smooth rolling coulter between the 
disks of the double-disk opener. A simple boot between the 
double-disk directed seed into the furrow from an overhead 
hopper. The experimental planter included desirable features 
for soil penetration, furrow-closure, independent flotation, 
row tracking, and compactness of design. 
Buchele (1979) developed a rotary tiller slot planter 
with rotary blades mounted on either side of a split-tube 
chisel furrow opener. The rotary blades cleared plant resi­
due from the chisel and tilled the soil in the seed zone. 
Erbach (1978) developed furrow openers with powered 
coulters for planting without previous tillage. One used a 
hoe furrow opener, and as plant residue slid on top of the 
opener, the residue was sheared by a powered serrated coulter. 
Others used a powered serrated coulter driven in a direction 
opposite to that of travel to open a slot ahead of runner or 
double disk furrow openers. The coulters were run in reverse 
direction to prevent plant residue from being pulled into 
the seed zone. 
Suderman and Clark (1981) reported the design, construc­
tion and testing of a mulch underplanter. This mulch plant­
er attached to the sweep units of undercutter plows. The air 
blown crop seed was placed at the planting depth via a de­
livery tube that was pulled along beneath the soil. The 
front end of the tube was hinged at its attachment point to 
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provide vertical and horizontal rotation. The press wheels 
supported the rear end of the tube and thus provided the 
function of depth control as well as soil firming. An Inter­
national Model 500 Cyclo system was used for the metering and 
delivering of the seed to the placement tubes. Test results 
showed that the planter deposited the seeds at an average 
depth of 8.89 cm (3.5 in), spaced 11.3 cm (4.4 in), with 
percent emergence of 83% fifteen days after planting. 
Tompkins and Bledsoe (1979) evaluated vibratory blades 
with lift angles of 25 and 45 degrees from the horizontal, 
vibrational amplitudes of 6 and 15 mm, and frequencies of 10, 
20 and 30 Hz. They found that a blade with a rounded upper 
surface, a lift angle of 25 degrees, and an amplitude of 6 mm 
worked well at 4.6 km/hr and that its lowest power require­
ment was at 25 Hz. When compared with a fluted coulter open­
er, the vibratory opener required greater energy input (ex­
cept where ballast was added to the coulter), caused more 
soil break-up and greater decrease in soil bulk density, and 
resulted in improved plant stands. The vibratory system in­
vestigated had no effects on the metering function of the 
planter as revealed by the plant spacing. The vibratory tool 
directly penetrated the soil to desired operating depth for 
all combinations of frequency, amplitude and blade shape. 
Pitts (1978) described a zero-tillage planter developed 
by brothers Jerrell and Leo Harden of Banks, Alabama. The 
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zero-tillage planter was called a "super seeder". A spike-
toothed, slot-filler wheel was unique to the Hardens' plant­
er. In tandem, the wheel followed the spring-loaded coulter 
and sub-soiler shank to fill the slot cut by the subsoiler, 
thus preventing seeds from dropping down too far into the 
soil. Equipment for incorporating herbicides and fertilizers 
in the slot or on the surface and a conventional planting 
unit followed the wheel. 
Morrison and Abrams (1978) concluded that: 
(1) Subsoilers, chisels, and powered tillers had high power 
requirements ; 
(2) Subsoilers and chisels did not operate well on soils 
with stones or roots; 
(3) Fluted coulters did not readily penetrate hard dry 
soils; 
(4) Non-rolling components may accumulate surface residue; 
(5) Subsoilers. chisels, and ridging disks deposited soil 
and upturned weed seed on top of surface mulch ; and 
(6) Few planting machines were equipped to track the path 
of the leading component on curved rows. 
Ul'yanov and Ivzhenko (1968) reported the use of air to 
force seeds into the soil (openerless drilling). An experi­
mental device was developed to shoot seeds into the soil. 
They found that seeds penetrating the soil with an average 
speed of 95 m/sec had a relative emergence of 91%, but 
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penetration at 60 m/sec had 100% emergence. This research 
also showed that if the end of the tube was situated immedi­
ately at the surface of the soil or at a depth in the soil 
(H = i 1 cm), the grain penetrated under the action of natu­
ral inertia forces and the force of the following air stream. 
However, if the distance from the end of the tube of the 
distributing apparatus to the surface of the soil exceeded 
10 cm (H > 10 cm), then the grains penetrated only under the 
action of the natural (gravitational) forces. 
Huang and Tayaputch (1973) reported work on a fluid in­
jector spot and furrow opener. The device consisted of water 
tank, water pump (TEEL model IP740), accumulator (34.29 cm 
long and 20.32 cm in diameter), pipes and hoses, and solenoid 
valve which controlled the injection period. The water was 
pumped to the accumulator and to the valve to reach the 
initial water pressure of 2.76 MPa for each injection and 
then the pump was stopppd during the injection. The valve 
was activated for each injection by a cam driven by a vari­
able speed drive. The speed was adjusted to provide the in­
jection periods of 0.07, 0.14, 0.50 and 1.00 sec assuming 
that no delay occurred in the solenoid valve. The injection 
height was considered to be the most important factor in con­
trolling the depth and shape of the opening. However, for 
the injection heights in the range of 7.62 cm to 10.16 cm 
(3.0 in to 4.0 in), the depth and shape of the opening 
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remained about the same. 
Jafari and Fomstrom (1972) reported work done on a 
punch-planter for sugar beets. The planter consisted of a 
wheel with several cones on the surface, and a centrifugal 
metering mechanism. The cones punched conical holes on the 
row for each individual seed at the desired spacing, and the 
metering device metered single seeds behind the wheel into 
these holes which were made in the soil. The wheel and the 
metering device were timed with a chain. To compensate for 
the planter's forward speed, a round plate was used to throw 
the seeds backwards with approximately the same speed as the 
forward speed of the planter. They reported that 97.6%, 
96.3% and 94.0% seed placement in the holes were achieved at 
4.83 km/h, 6.44 km/h and 8.05 km/h (3 mph, 4 mph, and 5 mph), 
respectively. The seeds were dropped from a height of 5.08 
cm to 7.6 cm (2 in to 3 in) above the ground. 
Ns'c-.Tiian (1977) described a punch planter. His approach 
was to punch holes in the ground with cones located on a 
wheel. The cones had spring-loaded gates which were acti­
vated when a lever came in contact with the ground. The seed 
metering device was located within the wheel. A seed was 
metered by the metering device and placed in the punching 
cone. As the wheel rotated forward, the gate was opened by 
a lever and the seed dropped in the hole. There was no report 
on the performance of this planter. 
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Srivastava and Anibal (1981) described a punch planter 
consisting of basically four parts; namely, the punch wheel, 
the seed plate, the retainer ring and the outer cover. The 
seed plate was integrally mounted inside the punch wheel. 
The retainer ring fitted around the seed plate and blocked 
the seed holes that were radially located in the lip of the 
seed plate. The outer cover fitted against the seed plate 
and had opening for the blower and seed tube. The seed plate 
and the outer cover formed a compartment which contained the 
seeds. As the wheel rotated, the seed plate rotated with it 
(while the outer cover remained stationary). The air pres­
sure and the centrifugal force caused the seeds to escape 
through the seed holes in the plate. The retainer ring, how­
ever, blocked the seed holes and prevented them from escap­
ing. The hollow cones that were located on the punch wheel 
were in line with the holes in the seed plate. The seed hole 
in the seed plate and the seed passage in the cones were 
separated only by the thin retainer ring. As the wheel ro­
tated, the seeds that were retained in the holes were trans­
ferred into the hollow cones in an area where there was no 
retainer ring. The gap in the retainer ring was timed with 
the hole punching operation in such a way that the seed was 
transferred into the cone as the punch was moving upwards 
after punching a hole. Because of the wide variations in 
bean seed sizes and because small bean seeds were crushed. 
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plastic balls of uniform size were used for tests. Labora­
tory tests revealed 98%, 93% and 75% seed cell fill at 1.61 
km/h, 3.22 km/h and 4.83 km/h (1 mph, 2 mph, and 3 mph) 
planter velocity, respectively. 
Heinemann et al. (1973) designed a slotted wheel with 
a punch fitted in each slot. Internal gear mechanism caused 
the punch to move in and out of the slots to perform punch­
ing operation. A hopper attached to the device contained 
seed coated with magnetic substance. As the wheel rotated, 
the punch picked up a coated seed and then punched it in the 
soil. 
Wilkins et al. (1979) designed and built a punch 
planter for lettuce seeds based on the principle described 
by Heinemann et al. (1973). The planter consisted to mag­
netic punches, punch wheel, seed hopper and seed pick-up 
wheel. The seeds were singulated by the notches around the 
circumference of the seed wheel. Each notch picked up a 
seed as it passed through the seed hopper. Cylindrical mag­
netic punches 12.7 mm (% in) in diameter were attached to 
the punch wheel which was mounted adjacent to the seed 
wheel on the drive shaft. The punches constantly remained 
vertical or perpendicular to the soil surface by means of an 
eccentric disk. As the punches passed the seed-carrying 
notches, seed was magnetically transferred to the bottom of 
the punches. Seeds were attracted to magnets because they 
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were coated with a compound containing iron oxide (Fe^O^) 
or magnetite. The seeds were carried on the bottom of the 
punches and pressed into the soil. The strength of the soil 
surrounding the imbedded seeds was relied on to overcome the 
magnetic attraction between the punches and seeds and there­
fore the seeds remained firmly pressed into the bottom of the 
holes when the punches retracted. The punch planter was 
set to plant seeds (25/32 in) deep. At a travel speed 
of 1.6 km/h (1 mph), over 94% of the punched holes had a seed 
in each of them with no doubles. The punch planting system 
resulted in a shorter time interval between planting and 
seedling emergence. The time from planting to 70% seedling 
emergence was 4.5 days as compared with 7.5 days for a con­
ventional planter system. 
Wijewardene (1978) described a hand-pushed rolling in­
jection planter. This planter comprised a series of injec­
tion points around the periphery of a wheel, each point hav­
ing its own (gravity-activated) closing and (ground-acti­
vated) opening mechanism. A simple metering device trans­
ferred seed from the hopper into each point as it descended 
into the soil. This device in conjunction with a controlled 
droplet sprayer enabled traditional Nigerian farmers to in­
crease their cultivated areas from the usual % hectare (using 
traditional tools) to 4 or 5 hectares (9.88 or 12.36 acres). 
The planter attained a planting speed of 3 "hills" per 
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second. At a spacing of 25 cm (10 in) within the row, this 
speed corresponded to 2.74 km/h (1.70 mph). 
Carman et al. (1982) reported further work on the roll­
ing injection planter. The experiments were carried out with 
a six-row tool-bar mounted version. Two men operated the 
equipment, namely a tractor driver and an assistant. The 
assistant watched the planters (for plugged injectors) and 
turned the liquid fertilizer applicator on and off. The 
tractor was calibrated to travel at 3 km/h (1.86 mph). Test 
results showed an 82% emergence for the planter in "good" 
field conditions. 
The Huard Machinery Company (1981) reported on a side-
opening punch planter for planting in tilled soil that is 
covered with plastic sheets. The plastic sheet is used to 
conserve soil heat. 
Conservation Farming Fertilizer Applicators 
Dawelbeit (1981) reported on a point-injector for liquid 
fertilizer application. The main components of the device 
were a rotary valve, a hollow-tined wheel, a rotating union, 
and a high pressure low-volume piston pump. Test results 
showed that volume of liquid discharged per injection was 
independent of travel speed. This device could be used for 
fertilizer application any time before or during the growing 
season of crops grown in conservation tillage systems. 
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Oje (1981) reported a granular fertilizer injector. 
The injector was based on the same principle as the previ­
ously described IITA rolling injector planter. The device 
distributed discrete quantities of fertilizer at an average 
depth of 7.00 cm (2 3/4 in). 
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THE PUNCH PLANTER 
Preliminary Work 
In Spring 1980, tests were carried out on a prototype 
hand-pushed rolling injector planter designed and built at 
the IITA (International Institute for Tropical Agriculture), 
Ibadan, Nigeria. The planter was brought to this country by 
Professor Wesley F. Buchele. The tests showed that the fol­
lowing problems existed in the planter; 
(1) The planter was highly unstable in the lateral direc­
tion. 
(2) The planter did not penetrate uniformly to desired 
depth into soil. 
(3) Seed metering was neither accurate nor uniform. 
(4) Seeds were kicked out of the soil after they were planted. 
Redesign of the planter using the same principle of 
ground-activated opening mechanism and a gravity-activated 
closing mechanism was planned to eliminate the above prob­
lems . The plan also called for a tool-bar mounted planter 
capable of operating at high rates of speed. 
Figure 1 shows a cut-away view of the rolling injector 
planter. The rubber cut-off was removed so the path of the 
seeds can be seen. Seeds are picked up from the bottom of 
the hopper by the sized holes in the metering roller. The 
metering roller is keyed to the planting wheel. The seeds, 
after passing from under the rubber cut-off, drop from the 
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Figure 1. Cut-away view of the IITA rolling injector 
planter 
Figure 2. Tool-bar mounted planter based on the principle 
of the IITA rolling injector planter 
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metering roller onto the long stationary opener. When the 
opener is fully pushed into the soil, the opener lever is 
actuated by the soil. The openers separate, creating a hole 
into which the seed can drop. 
Figure 2 shows the first tool-bar mounted version of 
the planter. An external metering device was envisaged. 
Only the wheel and seed tube were built and tested. A small 
plastic bottle was fabricated and used as a grain hopper. 
The planter was designed to drop the seeds at a depth of 
5 cm (2 in), and a spacing of 25.40 cm (10 in) along the 
row. The experimental planter performed satisfactorily with 
respect to the above specifications in that it punched holes 
that were 5 cm (2 in) deep and spaced 25.40 cm (10 in) 
on the average. However, the spaces between the openers 
were frequently plugged. The plugged opener spaces prevented 
seeds from dropping into the holes. Therefore, no satisfac­
tory evaluation could be carried out on the depth at which 
the seeds were dropped. As a consequence, the proposed 
external metering device was not added to the planting wheel. 
Another problem was that residue clung to the planter wheel 
and shaft (see Figure 3). Several modifications were made 
on the planter openers. These modifications involved 
changing the angle between the opener levers and the openers. 
Further tests were conducted during the winter months in a 
soil bin. Figure 4 shows the planter wheel mounted on the 
Figure 3. Planter plugged by residue 
Figure 4. Planter wheel mounted on soil bin 
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tool bar of the soil bin. 
From the above tests, it was concluded that the openers 
need some type of protection to prevent them from being 
plugged by dirt, and that a better solution to the ground-
activated opening mechanism would be one that does not depend 
on contact with the ground. In this way, each opener will 
have an equal chance to open and close, unlike the ground-
activated mechanism in which the opener lever may not depress 
as a result of sinking into the soil. 
Design Criteria 
In addition to the mechanical functions of a conserva­
tion farming planter enumerated previously (pages 8 and 9) 
and the performance requirements (in the Objectives), the 
following were defined as added constraints on the planter: 
(1) The depth of planting must be adjustable; 
(2) Hole punching and seed dropping must be performed in 
one operation; and 
(3) The planter should be simple in design and easy to 
fabricate. 
Planter Development 
In order for the planter to follow the contour, it was 
decided that the soil-engaging parts be located on a wheel. 
Since the hole punching and seed dropping must be performed 
in one operation, the soil-engaging parts (the openers) were 
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envisaged as hollow members that go into the soil in the 
closed position, with actuated components to open them at 
the appropriate time in order to drop the seed. Figure 5a 
shows the configurations of different types of opener. The 
forward-opening type is the same as the one on the IITA 
rolling injector planter. This configuration was rejected 
because it is ground activated. The penetrometer type 
opener is similar to the one on a South African planter.^ 
This configuration was rejected because the envisaged open­
ing mechanism was complicated, and there was no effective 
way to guarantee that it would not be plugged by dirt and/or 
residue. The side-opening type is similar to the openers 
on the Huard planter (in that both open to the sides). The 
envisaged opening mechanism consisted of a simple flat 
plate cam and a follower sliding in a bearing. This con­
figuration was finally chosen because there was a good chance 
of preventing thp openers from being blocked by residue. 
Figures 5b and 5c show the working drawings for the 
punch wheel. A detailed drawing was also made for each com­
ponent. To start with, only one opener was made. This was 
welded to the rotating wheels and tested. From these tests, 
the correct inclination of the cam surface to the planter 
^Personal discussions with Professor Wesley F. Buchele, 
Department of Agricultural Engineering, Iowa State Uni­
versity, Ames, Iowa, in Spring 1980. 
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shaft was determined to be about 73° in order for the ac­
tuator to travel the desired distance of 1.27 cm (0.50 in). 
Consequently, the opening mechanism was redesigned. The 
final design for the opening mechanism is shown in Figure 7 
(compare Figures 5c and 7). 
After this, the redesigned opening mechanisms were 
fabricated and the wheel was completely assembled on a 
frame. The unit was mounted on a tool bar and tested by 
driving it with a hydraulic motor powered by a tractor's 
hydraulic system. The opening mechanism performed satis­
factorily. Therefore, the punch wheel was taken to the test 
plot and tried out. The openers punched holes to a depth of 
about 8.25 cm (3.25 in) without a ballast on the planter 
frame. Some of the openers were, however, plugged by resi­
due. This was attributed to the fact that the protective 
plate (opener shield) was not thick enough. This plate was 
eventually increased to a thickness of 0.65 cm (0.25 in). 
A New Holland planter metering unit and a John Deere 
press wheel were added to the punch wheel and tested on 
the test plot. Unsatisfactory metering and hole closing 
led to the replacement of the New Holland metering unit with 
a White Farm Equipment Company air planter unit and the John 
Deere press wheel with a John Deere closing wheel. Both 
performed satisfactorily, and hence other planter components 
such as residue covers (on the wheel) and protective guards 
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were installed. The final design is described below. 
Planter Configuration 
One of the basic differences between the final design 
of the punch planter described in this dissertation and 
the IITA rolling injection planter is that the openers on 
the former open to the sides, while those on the latter 
open to the front. The experimental punch planter con­
sisted of the following sub-assemblies : 
(1) The punch wheel; 
(2) The openers; 
(3) The opening mechanism; 
(4) The closing wheel; 
(5) The metering device; 
(6) The depth adjustment device; and 
(7) The air supply system. 
The punch wheel consisted of two disks made from 
0.64 cm (% in) steel plate. One disk was continuous, 
while the other was annular. The annular disk had a major 
diameter of 76.20 cm (30 in) and a minor diameter of 
58.42 cm (23 in), while the other disk had a diameter of 
76.20 cm (30 in). The disks were separated by 7.62 cm (3 
in) spacers and bolted together with 1.11 cm (7/16 in) 
diameter bolts. To the annular disk were welded 12 equi-
distantly spaced deflectors made from 2.54 cm x 0.32 cm 
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(1 in X 1/8 in) steel bar. A 68.58 cm (27 in) major diam­
eter and 47 cm (18% in) minor diameter annular disk made 
from 12-gage (0.27 cm) sheet steel was welded to the top 
of the deflectors to form 12 seed cells through which the 
seeds from the seed tube were directed to the openers 
(see Figure 6). 
Each opener consisted of two parts, namely a fixed 
member and a movable member. The fixed member was made 
from 2.54 cm x 2.54 cm x 0.32 cm (1 in x 1 in x 1/8 in) 
square tubing welded to the 76.20 cm annular disk (de­
scribed above) at the mouth of the deflector. Inside the 
square tubing was welded a flat plate giving the fixed 
member a wedge shape. This enhanced the ability of each 
opener to penetrate the soil. The movable member con­
sisted of a 3.18 cm x 3.18 cm x 0.32 cm (1% in x 1% in x 
1/8 in) channel welded to a 2.54 cm x 0.32 cm (1 in x 1/8 
in) flat bar. The tnovrible meniher swung about a pivot lo­
cated on top of the seed cell. The channel section of 
the opener prevented soil from coming into the spaces be­
tween the fixed and movable parts. It also had a recess 
into which the tip of the wedge hid when going into the 
soil (see Figure 7). 
The opening mcchanism consisted of a caniniing device 
and an actuator sliding in a bearing. The cam was a 0.32 
cm (1/8 iti) plate inclined at an angle of 73° to the 
Kbn-rotating disk 
Shaft 
Rotating disk 
— - . — 
-
Seed cell 
Opener 
Figure 6. Schematic diagrani of the punch wheel showing the location of the 
seed cells with respect to the openers 
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disk 
Seed tube 
Rotating disk 
Fixed opener 
member 
Protective 
plate 
Rotating disk 
Bearing 
Caster 
Spring 
Ooener lever 
Movable opener 
member 
Figure 7. Schematic diagram of opening mechanism 
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planter shaft and welded to a hub on this shaft. The ac­
tuator (which was the cam follower) was made from a 1.27 
cm (% in) diameter steel rod, to one end of which was at­
tached a 2.54 cm (1 in) diameter caster. The bearing was 
made from a 2.54 cm (1 in) diameter steel shafting welded 
in a hole through the 76.20 cm (30 in) diameter disk (see 
Figure 7). 
The closing wheels were standard John Deere closing 
wheels made up of two cast-iron disks arranged in a V 
shape. They were attached to the planter frame by two 
5.08 cm X 0.64 cm (2 in x % in) flat bars. 
The metering device was a White Farm Equipment Com­
pany air planter unit. The unit consisted of a small fan, 
a vertical seed plate, grain hopper and drive mechanism. 
A sprocket and chain drive was used to transmit power to 
the seed plate, while the fan was powered by the tractor 
battery. The seed plate on this unit had 30 eel 1 « 
The gage wheels were made from two 7.62-10.15 (3.00-
4.00) pneumatic tires. Each tire was attached to a 5.08 
cm X 0.64 cm (2 in x % in) flat bar which pivoted about a 
point on the planter frame. This pivot was positioned 
ahead of the punch wheel. 
Depth adjustment was through two vertical 5.08 
cm X 0.64 cm (2 in x % in) flat bars, each with two rows 
of adjustment holes. The adjustment plates were each 
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attached to the planter frame by two 1.27 cm (% in) diam­
eter bolts. 
The air supply system consisted of a gasoline engine-
driven compressor, delivery line, pressure gage and valve. 
The compressor was a 1137.68 kPa (165 psi) Riverside unit 
with a 0.56 kw (3/4 hp) motor. The compressor and motor 
were mounted on a wooden platform in front of the tractor. 
Air was supplied from the compressor to the seed cells 
through a 1.27 cm (% in) rubber hose connected to a 1.27 
cm (% in) pipe (at the wheel end of the hose). The pipe 
was connected to a threaded fitting on the non-rotating 
disk. A pipe was used for this section so that it could 
withstand damage by standing corn stalks and flying debris. 
The compressor was fitted with a pressure gage and regu­
lating valve. 
Planter Operation 
The tractor-mounted punch planter is shown in Figure 
8. When the tool bar is lowered, the openers come in 
contact with the soil. As the tractor moves forward, 
the punch wheel starts to rotate. This wheel rotation 
drives the seed plate of the metering device. If the fan 
is on, the metering device sends seeds through the seed 
tube into the seed cells inside the punch wheel. The punch 
wheel and the seed tube are arranged such that a seed is 
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discharged into a seed cell when the operner is about one-
eighth of a revolution from the vertical. The seed travels 
from the seed cell to the bottom of the space inside the 
opener. As soon as the opener leaves the vertical position, 
the caster comes in contact with the cam surface, pushing 
the actuator rod against the opener lever. The opener is 
actuated and a seed (sitting in the opener until now) is 
dropped into the hole made by the opener. The actuation of 
the opener corresponds to the period when the opener is 
passing the vertical. This prevents soil from plugging the 
opener. After the opener comes out of the soil, the caster 
leaves the surface of cam, and a spring (compressed during 
the actuation of the opener lever) closes the opener. The 
closing wheel then closes the hole. 
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Figure 8. The experimental punch planter 
Figure 9. The experimental set-up with air compressor 
mountêd on a platform m flont of the tract 
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TEST PROCEDURES, RESULTS AND DISCUSSION 
The Test Plot 
The planter was tested in late August on the Research 
Farm near Ames, Iowa, on soil of the Clarion-Nicollet-
Webster Association. The land had a slope of about 4 per­
cent. The plot was trapezoidal in shape with row lengths 
varying from 107.88 m (354 ft) to 51.66 m (169.5 ft). Rows 
were spaced 76.2 cm (30 in) apart and oriented in east-
west direction. During the previous planting season, the 
plot was under a crop of corn. In Fall 1981, fertilizer 
(0-50-100) was applied, and in Spring 1982 anhydrous ammonia 
was applied at the rate of 179.34 kg/ha (160 lbs/acre). In 
June a mixture of Bladex, Lasso and Roundup herbicides were 
applied to the plot. 
Test Procedure 
T'T.T/-* f f ^ -P ^ nir* <4 T'Tn Û o Û T.T<a*v*o 
(1) operating the planter at speeds of 3.22 kph, 4.83 kph, 
6.44 kph and 8.05 kph (2 mph, 3 mph, 4 mph and 5 mph) with­
out air supply to the openers; and (2) operating the planter 
at the above speeds with air at a pressure of 137.90 kPa 
(20 psi) supplied to the openers. Figure 9 shows the exper­
imental set-up. 
Each treatment was replicated twice in a randomized 
complete block design. Each block consisted of eight rows 
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and blocking was based on the assumption of variations in 
the plot characteristics in the direction south to north 
(see Figure 10). Randomly selected 12.80 m (42 ft) lengths 
of each row were staked out immediately after all the tests 
were completed. These lengths contained about 50 punched 
holes. A soil sampler was used to take 2.54 cm (1 in) 
diameter soil samples. Soil samples were taken in the row. 
Three soil samples each were taken from four blocks. The 
samples were cut up into 5.08 cm (2 in) lengths and put in 
previously weighed soil cans and weighed. The cans were 
put in an oven at 133°C (240°F) for 24 hrs. After this time 
period, the samples were weighed again. Then moisture con­
tent and bulk density were computed. 
The weight of residue cover was estimated by collecting 
and weighing the amount of residue within a 26.87 cm x 
152.40 cm (10.5 in x 60.0 in) frame. Two readings were 
taken per block. The percentage of the soil surface covered 
by residue after planting was estimated by the photographic 
method (Laflen et al., 1981). 
Two weeks after planting, observations were taken on 
the plot to determine the following responses : 
(1) Percentage of holes with only one seed; 
(2) Spacing between adjacent germinated com; 
(3) Depth of planting; and 
(4) Percent emergence. 
50 
With air supply 
-A 
Without air supply 
A-
51.66 m 
(170 ft) 
107.88 m 
(354 ft) 
Block numbers 
54.86 m 
(180 ft) 
Figure 10, Layout of the test plot 
51 
Depth of planting was measured by digging up the soil 
around a corn seedling and carefully pulling the seedling 
out of the soil. A ring was always formed on a corn 
seedling at the boundary of the soil and the atmosphere. 
The distance between this ring and the seed represented 
the depth of planting. The number of holes with one seed or 
seedling was determined by digging up all the punched holes 
within a staked row length and counting the number with 
either one seedling (in which case the seed germinated) or 
one seed (implying a situation where the seed did not germi­
nate) . 
Results and Discussion 
The moisture content of the soil with depth is shown 
in Table 1. Analysis of these data showed that the block 
effect was not significant. Appendix Table B-1 shows the 
analysis of variance for the data of Table 1. The moisture 
content of the plot was significantly different at the 
depths of 0-5 cm, 5-15.25 cm, and 15.25-20.3 cm (0-2 in, 
2-6 in, 6-8 in). Figure 11 shows a graph of the moisture 
content at different depths. Table 2 shows the temperature 
and precipitation during the two weeks of germination of 
the planted corn. 
The bulk density variation with depth is shown in 
Table 3. Appendix Table B-2 shows the AITOVA table for these 
S 
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Table 1. Moisture content of the soil on planting date 
Moisture content (%) 
Block Dep th (cm) 
0-5 5-10 .16 10.16-•15.25 15.25-•20.32 
1 7.69 15. 79 14. 29 27. 27 
11.11 13. 04 17. 39 20. 83 
5.88 13. 64 20. 83 17. 39 
2 14.29 19. 05 17. 39 20. ,83 
10.53 15. 00 22. 73 20, ,83 
12.50 9. 09 8. 70 14. ,81 
3 10.00 12. 50 17. 39 16, ,00 
21.43 27. 27 18. 18 18. ,18 
10.53 15. 00 18, ,18 16, .00 
4 6.67 16. 00 21, ,74 17 .39 
14.29 17. 39 16, ,00 15 .38 
11.11 19. 00 16, .00 25 .00 
Treatment 
mean 11.34 16. 07 17 .40 19 .16 
Standard 
deviation 4.14 4. ,51 3 .69 3 .92 
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Table 2. Precipitation and temperatures during the 15 days 
of experiment^ 
Month Date High '""Vow 
Augus t 
September 
27 — — 77 53 
28 — — 72 45 
29 0.72 75 62 
30 0.36 75 62 
31 0.57 80 63 
1 0.11 81 63 
2 — — 80 58 
3 — — 77 50 
4 — — 82 52 
5 — — 82 64 
6 0.01 76 63 
7 — — 66 57 
8 T 75 53 
9 — — 81 63 
10 — — 84 67 
Data from U.S. Weather Service, Ames, Iowa. 
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Table 3. Bulk density of the soil after planting 
Bulk density (gm/cm^) 
Block Depth (cm) 
0-5 5-10.16 10.16-15.25 15.25 -20.32 
1 0. 25 0. 74 0.82 0. 85 
0. 70 0. ,90 0.89 0. 93 
0. 66 0. ,85 1.01 0. 89 
2 0. 58 0, ,82 0.89 0. 93 
0. 74 0, .78 0.85 0. 93 
0. 62 0, .85 0.89 1. 05 
3 0. 43 0, .93 0.89 0. 97 
0. 54 0 .43 0.85 0. 85 
0. ,74 0 .78 0.85 0. 97 
4 0. ,58 0 .97 0.89 0. 89 
0, ,54 0 .89 0.97 1, ,01 
0. ,70 0 .82 0.97 0, 78 
Treatment 
mean 0 .59 0 .81 0.90 0, ,92 
Standard 
deviation 0 .14 0 .14 0.06 0, .07 
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data. The bulk density for the 0-5.0 cm (0-2.0 in) was 
significantly different from the rest of the profile. 
Figure 12 shows a graph of bulk density vs depth. Table 4 
is a summary of the data of the experimental plot. 
The depth of planting at different speeds is shown 
in Table 5. Analysis of the data showed that there was no 
significant difference between the treatment means (see 
Appendix Table B-3). Therefore, the depth of planting was 
unaffected by speed in the range of the experiments. Since 
depth adjustment was provided on the planter, better per­
formance can be attained by simple adjustment. Figure 13 
shows a graph of depth of planting vs speed for the data of 
Table 5. 
The effect of planter speed on the within-the-row 
spacing is shown in Table 6. There was no significant dif­
ference between the treatment means (see Appendix Table B-4). 
This IpaHr rn thp rnnflnsinn rhaf fhA in-rnw snaring was 
independent of travel speed for the range used in the exper­
iment. The theoretical spacing was 25.4 cm (10.0 in). It 
can be seen from Table 6 that each treatment mean was greater 
than 25.4 cm (10.0 in). The difference is due to slip be­
tween the punching wheel and the soil. In theory, the 
punching wheel was assumed to rotate without slip. In prac­
tice, there was a 1.46 percent slip at 3.22 kph (2 mph). 
Figure 14 is a graph of within-the-row spacing vs travel 
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Table 4. Summary of data for the experimental plot. 
Soil type 
Bulk density at planting 
Moisture content at 
planting 
Residue cover 
% surface covered by 
residue 
Clay loam 
0.59-0.92 gm/cm^ 
11.34-19.16% 
5522 kg/ha (4927 lb/acre) 
75% 
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Table 5. Depth of planting at different speeds^ 
Depth (cm)b 
Block Speed (kph) 
3.22 4.83 6.44 8.05 
1 4.57 4.88 3.66 4.14 
4.60 4.88 4.67 4.27 
2 4.09 4.55 4.83 3.89 
4.65 3.38 3.61 4.39 
3 4.27 3.81 3.76 4.24 
4.22 4.22 4.75 4.29 
4 4.62 4.57 4.65 3.99 
4.32 4.65 3.81 4.62 
Treatment 
mean 4.42 4.37 4.22 4.23 
Standard 
deviation 0.22 0.53 0.55 0.23 
^Table derived from Appendix Table C-1. 
^Each value is the mean of 20 observations per row. 
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Table 6. Within-the-row spacing of planted corn at dif­
ferent speeds & 
Spacing (cm)^ 
Block Speed (kph) 
3. 22 4. 83 6 .44 8. 05 
1 25. 30 25, .35 25 .20 26. 19 
25. 48 25, .48 25 .81 25. 65 
2 25, .58 25 ,20 25 .65 25, .02 
25, .68 26 .42 25 .35 25, ,98 
3 25, .70 26 .31 26 .14 24, .66 
25 .91 25 .88 25 .50 25, .78 
4 25 .78 26 .04 25 .70 25 .76 
26 .75 25 .40 26 .39 25 .83 
Treatment 
mean 25 .77 25 .76 25 .72 25 .61 
Standard 
deviation 0 .44 0 .47 0 .40 0 .51 
^Table derived from Appendix Table C-2. 
^Each value is the mean of 20 observations per row. 
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speed. 
By definition, 
Percentage of holes with only one seed 
Number of holes with only one seed or seedling 
Number of holes punched within staked row length 
The percentage of holes with one seed when there was no air 
supply to the openers is shown in Table 7. The treatment 
means ranged froma high of 91% at 3.22 kph (2 mph) to a low 
of 57% at 8.05 kph (5 mph). Statistical analysis showed a 
highly significant difference between the treatment means 
(see Appendix Table B-5). Table 8 shows the data for the 
situation when air was supplied to the openers. Again, there 
was a highly significant difference between the treatments 
(see Appendix Table B-6). Ordinary comparison between the 
treatment mean with air supplied to the openers, and that 
without air supplied to the openers at the same speed, ap­
peared to indicate that there is no real difference between 
them. This is especially true at 3.22 kph. This indicated 
that the air supply did not really improve the seed placement 
at all speeds within the range of the experiment. Since the 
air supply system was connected to the non-rotating disk, 
the opener came in contact with the air supply for only a 
fraction of a second. This time decreased as the planter 
speed increased. 
Tables 7 and 8 show that as the speed increased, fewer 
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Table 7. Percentage of punched holes with one seed at 
different speeds, without air supply to the 
openers 
Percent fill (7c) 
Block Speed (kph) 
3.22 4.83 6.44 8.05 
1 90 79 70 55 
92 78 65 58 
2 91 77 68 60 
89 80 65 59 
3 92 81 70 60 
94 79 69 65 
4 90 78 65 56 
90 82 62 55 
Treatment 
mean 91 79 67 57 
Standard 
deviation 1.60 1.67 2.92 2.25 
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Table 8. Percentage of punched holes with one seed at dif­
ferent speeds, when air was supplied to the 
openers 
Percent fill (%) 
Block Speed (kph) 
3.22 4.83 6.44 8.05 
1 89 80 70 57 
90 81 70 58 
2 92 82 70 60 
91 82 72 58 
3 90 81 68 62 
94 79 70 60 
4 94 82 70 56 
90 83 68 62 
Treatment 
mean 91 81 70 59 
Standard 
deviation 1.91 1.28 1.28 2.23 
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seeds made it from the punching wheel seed cells to the 
opener bottom. This was because they had less time to 
travel to the opener bottom at higher speeds. This is in 
line with the theory developed in Appendix A. Figure 15 
shows a graph of the data of Tables 7 and 8. 
By definition, 
Percent emergence - j;riefSith"cL°seef• 
Table 9 shows the data for the experiment. Statistical 
analysis showed no significant difference between the treat­
ment means (see Appendix Table B-7). This implied that the 
percent emergence was independent of speed. Actually, per­
cent emergence is determined mainly by a host of factors 
which are unrelated to the machine. Some of the factors 
are seed viability, temperature, moisture content, and 
compaction of the soil. Figure 16 shows a graph of percent 
emergence vs speed. Figure 17 shows the condition of the 
field at the time of planting, and Figure 18 shows emerged 
corn seedlings 14 days after planting date. 
Since the percentage of holes containing seeds will 
eventually determine the plant population, the efficiency 
of the planter can be defined in terms of this variable. 
Therefore, 
Efficiency = Percentage of punched holes with one seed 
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Table 9. Percent emergence of planted corn 14 days after 
planting date 
Percent emergence (%) 
Block Speed (kph) 
3.22 4.83 6.44 8.05 
1 82 81 80 81 
83 80 78 82 
2 81 81 84 80 
83 81 82 79 
3 83 80 80 80 
80 81 85 85 
4 80 81 84 78 
82 82 82 79 
Treatment 
mean 82 81 82 80 
Standard 
deviation 1.28 0.64 2 . 4 2  2 . 2 0  
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Figure 17. Test plot showing field condition just before 
planting 
Figure 18. Test plot showing germinated corn 
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From Table 7, it can be seen that the efficiency of the 
machine ranged from 91 percent at 3.22 kph (2 mph) to a 
low of 57 percent at 8.05 kph (5 mph). These values are 
very low and have to be considerably improved. 
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SUMMARY 
A planter was designed and fabricated. This planter 
punched a hole, metered and dropped a seed into the hole in 
one operation. The planter was tested in a field with bulk 
density in the range 0.59-0.92 gm/cm^ (0-20.32 cm profile), 
and about 75% residue cover. The following observations 
were made during trial tests and the final field test: 
(1) The planter followed the contour. This was expected 
because the soil-engaging parts were located on a wheel. 
(2) There were no large rocks or other large obstacles 
found on the test plot. Since there was no machine 
stoppage or damage due to any obstacles, it could be 
assumed that the machine successfully rolled over the 
small and intermediate size obstacles found on the 
plot. 
(3) The residue cover on the wheel was effective in pre­
venting residue from coming into the spaces between 
the rotating wheels. 
(4) The seeds that were not dropped into the punched holes 
fell on the ground. Some lay on top of the hole while 
others lay near the hole. 
(5) Clogging of the openers was not a problem as long as 
the bearings were clean. 
(6) The planter performed satisfactorily under varying con­
ditions of residue cover. The residue cover included 
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standing and fallen corn stalks from previous crop, 
dead and dying grasses and weeds. During the fall, 
the planter was demonstrated on a recently harvested 
corn field with almost 100% cover. 
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CONCLUSIONS 
The following conclusions could be made from the tests: 
(1) The depth of planting was unaffected by planter speeds 
for the range used for the tests (i.e., 3.22 to 8,05 
kph). A mean depth of 4.31 cm (1.70 in) was achieved 
for the designed depth of 5.06 cm (2.00 in). 
(2) The spacing of the punched holes was independent of 
travel speed. An overall mean spacing of 25.72 cm 
(10.13 in) was achieved. The designed spacing was 25.40 
(10.00 in). Practically, equidistant planting will 
assure more uniform growth by reducing competition. 
(3) The percentage of punched holes with one seed was af­
fected by travel speed. This measure was in the range 
57% (at 8.05 kph) to 91% (at 3.22 kph). Supplying air 
to the openers was not very effective in increasing 
the values (especially at high travel speeds). 
(4) The percent emergence was not affected by planter per­
formance. An overall percent emergence of 81% was ob­
served. The percent germination under laboratory con­
ditions was 82% for the seeds. This means that the soil 
around the seeds was compacted to the proper degree, 
and that there was no significant damage to the seeds. 
(5) The planter had the ability to roll over obstacles 
without machine stoppage or damage. 
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The planter performed well on a test plot with varying 
degrees of residue cover. The average residue cover 
was estimated to be 75% (at 5522.0 kg/ha). 
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COMPARISON OF THE EXPERIMENTAL PUNCH PLANTER WITH OTHER 
PLANTERS USING THE PUNCHING PRINCIPLE 
The punch planter designed and tested by Wilkins et al. 
(1979) used cylindrical magnets to meter and punch iron 
oxide (Fe^O^) or magnetite coated lettuce seeds. The seeds 
were carried at the bottom of the punches. Like the experi­
mental punch planter, the punches were located on a wheel. 
Because the seeds are carried on the bottom of the punches, 
there is a high likelihood of an appreciable percentage of 
the seeds being knocked off by residue and stalks from a 
previous crop if this method is applied to conservation 
planting. Since corn seeds are bigger than lettuce seeds, 
coating them with magnetite could result in appreciable 
expense. By comparison, the experimental punch planter 
carries the seed in a space between the opener members. 
The Newman punch planter used the same basic principle 
as the IITA rolling injector planter. A ground-activated 
lever opened a gate to release a seed into a punched hole. 
The seed-metering device was located within the wheel. One 
major disadvantage of this approach is that the lever may 
not depress as a result of sinking into the soil or not long 
enough contact with the soil. Another disadvantage is that 
the lever is at a fixed angle with the opener, and as such 
the depth of planting cannot be changed. The depth of plant­
ing on the experimental punch planter is adjusted by means 
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of gage wheels. The opening mechanism for the punches (or 
openers) is cam actuated and is therefore independent of 
the duration of contact with the soil. 
The punch planter designed and tested by Srivastava 
and Anibal (1981) consisted of hollow cones radially 
mounted on a punch wheel. The cones were shaped in the 
form of an involute at the leading edge. In order to allevi­
ate plugging of the openings in the involute cones, the 
punching wheel was powered by an electric motor. Apart 
from the added cost of a motor, the tendency for the cones 
to get plugged is still there since they are always open. 
Loose and dry soils were also a problem. The hole walls 
collapsed prior to seed placement causing the seed to lay 
on top. By comparison, the experimental punch planter has 
openers which go into the soil as a single unit. They are 
timed to open when punch begins to come out of the hole. 
In this way, plugging is practically eliminated. 
The precision planter designed and fabricated by Jafari 
and Fornstrom (1972) punched holes and metered seeds in 
different operations. First, a cone on a wheel punches a 
hole in the soil, and after the cone is withdrawn, a seed 
is dropped from a height of 5,08 cm (2.00 in.) to 7.62 cm 
(3.00 in.) above the hole. This approach will have problems 
if the soil surface is covered with residue. The hole may 
not keep its shape after the punching cone is withdrawn. 
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The ability to keep its shape depends on the soil type and 
moisture content. The presence of residue on the surface 
will reduce the chances of a seed falling directly into a 
hole. Another disadvantage of the design is that the depth 
is fixed and theoretically equals the height of the punching 
cone. 
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SUGGESTIONS FOR FURTHER STUDY 
The work done in this study gave encouragement to the 
idea of punching seeds into the soil. Further work has to 
be done to make the idea more practical. 
The major problem of the experimental punch planter 
was metering seeds consistently and accurately at speeds 
greater than 4.0 kph (2.5 mph). One solution to the prob­
lem would be a better job of effectively closing the ends 
of the seed cells. In this way, the seeds could be intro­
duced into the seed cell while the punch is horizontal 
(instead of the current 45° to the horizontal). That would 
give the seed extra time (about one-eighth of the wheel 
period) to travel from the seed cell to the bottom of the 
opener. In conjunction with the above, the seed cells 
could be redesigned to ensure that the seed's path to the 
bottom of the opener is the shortest possible. 
The other problem was preventing heavy dust accumula­
tion in the bearing. Dust prevented the free movement of 
the caster, leading to excessive forces to open and close 
the openers. This could lead to plugging of the openers. 
The problem was avoided during the tests by periodically 
cleaning the bearings with a liquid cleaner. A more practi­
cal solution would be a self-cleaning bearing or a sealed 
bearing. 
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APPENDIX A. ANALYSIS OF THE PUNCH PLANTER 
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Forces on the Punch Wheel 
A tillage implement (or tool) moving at a constant 
velocity is subjected to three main forces or force systems, 
which must be in equilibrium: 
(1) Force of gravity acting upon the implement; 
(2) The soil forces acting upon the implement ; and 
(3) The forces acting between the implement and the 
prime mover. 
If torque from rotary power transmission is not involved, 
the result of these forces is the pull of the power unit 
upon the implement. 
Clyde (1936) subdivided the total soil reaction into 
useful and parasitic forces. He defined useful soil forces 
as those which the tool must overcome in cutting, breaking, 
and moving the soil. Parasitic forces are those (including 
friction or rolling resistance) that act upon stabilizing 
surfaces such as the landside and sole of a plow or upon 
supporting runners or wheels. In applying the above theory 
to the analysis of the forces acting on the punch planter, 
the following assumptions have been made; 
(1) The punch planter is attached on a tool-bar with 
a three-point hitch; 
(2) The three-point hitch is operated in the free-
link mode. This implies that depth of the planter 
is controlled by supporting surfaces on the planter ; 
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(3) The total soil reaction is a vectorial summation 
of both the useful and parasitic forces. 
Since the planter longitudinal axis is parallel to that 
of the tractor, the side forces on the openers are equal and 
opposite and therefore cancel out while the openers are going 
into the soil. Figure A-1 shows a side view of the forces act­
ing on the planter in the vertical longitudinal plane. The 
total soil reaction (consisting of the forces the openers 
must overcome in penetrating and moving the soil, and forces 
due to friction or rolling resistance) in that plane is 
represented by R^. The other forces acting on the planter 
are its weight and the tractor pull. Therefore, the planter 
is a three-force member and for equilibrium, the three 
forces must be concurrent. They thus form a closed force 
polygon. 
Kinematic Analysis of the Punch IVheel 
The planter can be represented by a rotating wheel whose 
center of rotation has a constant forward velocity V kph (see 
Figure A-2). Assume wheel rolls without slipping. A is a 
coincident point on the wheel and the ground. 
Establish a coordinate system at A. At time t, the 
point A on the wheel moves to point A'. The coordinates 
of point A' are given by 
X = Vt - R sin e (1) 
y = R(1 - cos 0) (2) 
Figure A-1. Schematic diagram of forces acting in the vertical plane on planter 
mounted on a three-point hitch operated as a free-link system 
X 
Figure A-2 Model of planter as a rotating wheel 
Differentiate equations 1 and 2 to get 
X = V - Ro) cos cot (3) 
y = Rw sin wt (4) 
Further differentiation gives 
X = Rti)2 sin ojt 
2 y = Rw cos wt 
where w = V/R and wt = 8. 
From equations 3 and 4, 
s = (x^ + y^)^ = [ (V - Ro) cos 9)^ + (Rw sin 0)^] 
s = (x^ + y2)% = Rw^ 
Figure A-3 shows graphs of displacement, velocity and ac­
celeration of an opener tip. Both the locus and velocity 
are cycloids. 
Time of Fall 
A portion of the punching wheel is shown in Figure 
A-4(i). The wheel is assumed to rotate counterclockwise. 
When the opener is in position 1, the seed is dropped into 
the seed cell at A. When the opener rotates from position 
1 to 2, the seed travels from A to B, 
Z BOB' = 45° 
150 200 250 300 350 
Horizontal displacement, x (cm) 
400 450 
Figure A-3. Kinematics of the punch wheel 
250 -
Figure A-3. (Continued) 
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Figure A-3. (Continued) 
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Figure A-4. Schematic diagram of seed path through the seed tube and opener 
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• t* = T/8 
where t* = time for opener to travel from position 1 to 
p o s i t i o n  2 ;  
T = period of wheel rotation; 
V = R(jû 
= ïïND 
T = 1/N 
= îr 
••• ' § 
= 0.0141 D/V (s) 
where D = wheel diameter = 96.52 cm; 
V = forward velocity (kph) 
t* = 1.3645/V (s) 
Assume the path of a seed is as shown in Figure A-4(ii). As 
soon as the seed hits the cell wall at A, the velocity im­
parted to it by the air from the metering device becomes 
zero. The seed henceforth free-falls from point A to point 
B of the opener. 
t£ = /2h/g (s) 
where t^ = theoretical time of free-fall. 
For the planter, 
h = 19.0 cm 
tg = 0.1969 s . 
1 
1.3645/V 
0.8 
6 
6 . 4  
2 
5  3  4  7  1 8 2 4 18 11 
Speed, V (kph) 
Figure A-5. Time for opener to travel from position 1 to position 2 vs. travel 
speed 
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Figure A-5 shows a graph of t* and versus forward velocity. 
This plot shows that for forward velocities greater than 7.00 
kph (4.35 mph), the time for free-fall is greater than t*. 
This implies that the seed will not have enough time to get 
to the bottom of the opener before it opens. This explains 
the low percentage of holes with seeds at higher speeds. 
The following is an approximation to a three dimensional 
dynamics problem. Also the effect of the weight of the lever 
has been neglected because it is very small. The forces act­
ing on the lever of t]ie opening mechanism are shown in Figure 
A-6a. These are the forces which act during the time that 
the caster bears on the cam surface. With reference to Fig­
ure A-6a, 
Figure A-6b shows the forces acting on the cam follower. 
Dynamic Analysis of the Opening Mechanism 
= ir "O» + Vz + ^ 1^2 + FsL]) 
n 
(5) 
] S F^ = mx 
F(t) - N c o s(9q - 0) - uN sin(8g - 6) - F^ = mx 
F(t) = mx + N [ c o s(0q - 0) + ysin(0Q - 0)] + F ^  (6) 
Substitute equation 5 into 6 
F(t) = mx + ~ (JqS  + Fj^L2 + ^ 1^2 + FgLg)[cos(8o - 8) 
n 
F, +F 
(a) (b) 
Figure A-6. Dynamic analysis of the opening mechanism (not to scale) 
(a) Forces acting on the lever 
(b) Forces acting on the cam follower 
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+ usin(eo - e)l + Fj (7) 
- kLge 
Fi = kXg 
X = 
X = L^e 
Since soil is made up of soil particles, water and air, assume 
it to be a viscous medium with a damping constant, b. 
/. Fg = bLgS 
Equation 7 becomes 
F(t) = mL^ë + ^  (Jq0 + kLgO + kx^Lg + bLgê){cos(8Q - 0) 
+ )iSin(0Q - 0)} + Fj (8) 
X 
and X = 0 ^  * < 11.5° 
.% 8 = (9) 
^in 
where 
X = displacement of cam follower 
^max ~ maximum displacement of cam follower 
(j) = wheel rotation angle 
(|)^ = wheel rotation angle when opener is fully open 
From equation 9 
s - (^)i 
^1 1 
0 = 0 except at $ = 0 and (j> ^ 45. 
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cos(0Q - 6) 
cos(0« - 8) 2 r) 
F(t) = ^ [(bLgXi/L^*!)* + (kLgX^/Li*!)* 
+  kx^LglfcosCGg -  e )  + ysin(0Q - e ) }  + (10) 
Assume bearing is well lubricated 
Fg = 0 
and, 
cos( e «  - 8) n n 
F(t) ^ [(bLgX^/L^*!)* + (kLgX^/Li*!)* 
+ kxQL2]{COSOQ - 8) + ysin(0Q - 8)} (11) 
The mechanism was designed such that at a particular time 
(corresponding to * = 45°), the opener is completely out of 
the soil and the follower leaves the cam surface. The spring 
force then closes the opener. 
Equation 8 reduces to 
• • 1  . .  2  
0 = mL^ë + |— (JgO + kxQL2 + kL20){cos(8Q - 8) 
+ psinOg - a)} 
ML^L^0 + (JQ0 + KXGLG + KL20){COS(0Q - 0) 
+ ysinO^ - 8)} = 0 (12) 
1.00 ^  {cos(0Q - 0) + ysin(0Q - 0)} ^ 1.06 
assume {cos(0Q - 0) + psin(0Q - 0)} = 1.00 
and 
Equation 12 reduces to 
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n n 
mLi'e + JQ0 + kLgG = -kXgLg 
(mL^ + JQ)6 + kLgG = -kxQL2 
Define (tnL^ + Jg) = J 
kLg = K 
kXgLg = F 
J6 + K6 = -F 
Solution is given by 
e - + ef 
where 
0^ = natural component of solution 
0£ = forced component of solution 
Assume 
«f - ®0 
Substitute 14 into 13. 
F 
Of - - E 
Assume 
°n • 
From (15) , 0 = 0 2S^e®^ 
(JgZ + Kie^eSt = 0 
and 
s = ±j/K7J 
= 
where 
= /K/J 
= undamped natural frequency 
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F 
e = cos(w^t - ipg) - ^ (17) 
Initial conditions for this phase of motion are; 
8(0 = 45°) = 0Q (assume t = t^) 
and 
0 ((|) = 45°) = 0 
p ÔQ = c^ cos((0^t^ - ,{,g) - ^ (18) 
and 
0 = -w^c^ sin(w^t^ - ij;^) (19) 
From equation 19, 
i(-3 = w^ti 
From equation 18, 
^3 " ®0 •*" K 
F TT 
8 = (g^ + 0g)cos(a3^t - w^t^) - ^  (20) 
This solution is valid until 0= 0 .  W h e n  0= 0 ,  t h e  o p e n e r  
lever is stopped by impacting on the non-movable member of the 
opening mechanism. 
For the planter, 
0Q = 0.13 rad (7.16°) 
4,^ = 0.20 rad (11.25°) 
XQ = 0.64 cm (0.25 in) 
Xmax = 1.28 cm (0.50 in) 
= 10.16 cm (4.00 in) 
Lg = 7.62 cm (3.00 in) 
L3 = 17.78 cm (7.00 in) 
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L = 31.75 cm (12.50 in) 
a = 11.43 cm (4.5 in) 
D = 96.52 cm (38 in) 
W = 2.22 N (0.50 lb) 
u = 0.57 (mild steel on mild steel) 
k = 4.38 N/mm (25.00 lb/in) 
Let V = 4.83 kph (3.00 mph) 
Ç = 0.10 
b = 0.253 N-sec/cm (0.144 Ib-sec/in) 
Figure A-7 shows the graph of the follower displacement 
vs. * while Figure A-8 shows the graph of the cam force vs. 
time. From Figure A-8, it can be seen that it takes about 
0.07 second for the opener to become fully open. The time 
available to drop a seed such that it falls into a hole 
(0 <. (j) <. 22.5) is about 0.14 second (at a travel speed of 
4.83 kph). 
The time of displacement is given by 
t = ('^ ) i|) (21) 
99c 
1.25 
X 1.00 
S 0.75 
o 0.25 
Rotation angle, * (degrees) 
Figure A-7. Follower displacement vs. wheel rotation angle 
80 
60 
40 
Time available 
to drop a seed 
into a hole 20 
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Figure A-8. Cam force vs. time 
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Table B-1. Analysis of variance for moisture content on 
planting date 
Source of Degrees of Sum of Mean Computed Tabulated 
variation freedom squares square F F(a=0.05) 
Depth 3 404.72 134.90 7.74 2.84 
Blocks 3 14.76 4.82 0.2765 
Error 41 714.72 17.43 
Total 47 1134.20 
Conclusions : 
Treatment effects are significantly different (at a = 
0.05) while the block effects are not significantly 
different. 
Duncan's Multiple Range Test : 
P 2 3 4 
rp 2.858 3.006 3.131 
Rp 3.44 3.62 3.77 
Conclusion: 
11.34 16.07 17.40 19.16 
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Table B-2. Analysis of variance for bulk density measured 
immediately after planting 
Source of Degrees of Sum of Mean Computed Tabulated 
variation freedom squares square F F(a=0.05) 
Depth 3 0.82 0.27 8.69 2.84 
Blocks 3 0.03 0.01 0.32 2.84 
Error 41 1.29 0.03 
Total 47 2.14 
Duncan's Multiple Range Test: 
P 2 
rp 2.858 
Rp 0.15 
Conclusion: 
0.59 0.81 
3 4 
3.006 3.131 
0.15 0.16 
0.90 0.92 
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Table B-3. Analysis of variance for depth of planting at 
different speeds 
Source of 
variation 
Degrees of 
freedom 
Sum of 
squares 
Mean 
square 
Computed 
F 
Tabulated 
F(a=0.05) 
Speed 3 0.24 0.08 0.46 2.99 
Blocks 3 0.47 0.16 0.91 2.99 
Error 25 4.32 0.17 
Total 31 5.03 
Table B-4. Analysis of variance for within-the-row spacing 
of planted corn at different speeds 
Source of Degrees of Sum of Mean Computed Tabulated 
variation freedom squares square F F(a=0.05) 
Speed 3 0.14 0.05 0.27 2.99 
Blocks 3 0.76 0.25 1.47 2.99 
Error 25 5.01 0.20 
Total 31 5.91 
104 
Table B-5. Analysis of variance for percentage of punched 
holes with one seed at different speeds, with­
out air supply to the openers 
Source of Degrees of Sum of Mean Computed Tabulated 
variation freedom squares square F F(a=0.05) 
Speed 3 4866.50 1622.17 354.96 2.99 
Blocks 3 60.75 20.25 4.43 2.99 
Error 25 114.25 4.57 
Total 31 5041.50 
Duncan's Multiple Range Test: 
S 
Conclusion: 
p 2 3 4 
rp 2.919 3.066 3.160 
2.12 2.23 2.30 
57 67 79 91 
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Table B-6. Analysis of variance for percentage of punched 
holes with one seed at different speeds, with 
air supply to the openers 
Source of Degrees of Sum of Mean Computed Tabulated 
variation freedom squares square F F(a=0.05) 
Speed 3 4657, .85 1552, .62 533 .40 2, ,99 
Blocks 3 10, ,60 3 .53 1 .21 2, ,99 
Error 25 72, ,77 2 .91 
Total 31 4741, .22 
Duncan's Multiple Range Test: 
p 2 3 4 
rp 2.919 3.066 3.160 
Rp 1.76 1.85 1.91 
Conclusion: 
59 70 81 91 
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Table B-7. Analysis of variance for percent emergence of 
planted com 14 days after planting date 
Source of Degrees of Sum of Mean Computed Tabulated 
variation freedom squares square F F(a=0.05) 
Speed 3 10.00 3.33 0.97 2.99 
Blocks 3 3.75 1.25 0.36 2.99 
Error 25 86.25 3.45 
Totals 31 100.00 
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Table C-1. Experimental data of depth of planting at dif­
ferent speeds 
Depth (cm) 
3.22 kph 4.83 kph 6.44 kph 8.05 kph 
Row # Row # Row # Row # 
3 4 1 2 5 6 7 8 
Block #1 
2.54 4.45 2.54 5.72 3.81 6.35 3.81 3.18 
3.81 4.45 5.08 4.45 2.54 4.45 3.81 4.45 
5.08 4.45 6.35 4.45 3.81 5.72 3.81 5.08 
5.08 5.08 3.81 5.08 3.81 5.72 5.08 4.45 
5,08 5.08 3.81 5.08 3.81 3.81 5.08 3.18 
5.08 5.08 5.08 5.08 3.81 3.81 3.18 5.08 
3.81 5.08 5.08 5.08 3.81 5.08 3.81 3.18 
5.08 5.08 5.08 5.08 3.24 3.81 3.81 4.45 
5.08 3.81 5.08 5.08 3.18 3.81 3.81 4.45 
3.81 3.81 6.35 5.08 3.18 3.81 3.81 5.08 
5.08 5.08 5.08 5.08 3.81 3.81 3.81 4.45 
3.81 3.81 5.08 4.45 2.54 5.72 3.81 4.45 
4.45 4.45 5.08 4.45 3.81 5.08 4.45 5.08 
5.08 4.33 4.45 4.45 3.81 5.08 3.18 3.35 
5.08 4.45 4.45 4.45 4.54 5.08 4.45 3.18 
5.08 4.45 4.45 5.08 3.81 3.24 3.40 5.08 
4.45 4.45 5.08 4.45 3.81 5.08 5.08 4.45 
4.45 4.45 5.08 5.08 4.45 4.45 4.45 4.45 
5.08 5.08 4.45 5.08 3.81 4.45 5.08 5.08 
4.39 5.08 6.21 4.85 3.81 5.08 5.08 3.18 
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Table C-1. (Continued) 
Depth (cm) 
3.22 kph 4.83 kph 6.44 kph 8.05 kph 
Row # Row # Row # Row # 
1 2 7 8 3 4 5 6 
Block #2 
5.08 4.45 2.54 3.18 5.75 3.81 3.18 5.08 
3.81 5.08 5.08 3.81 5.08 3.81 3.81 4.45 
3.81 4.50 4.45 3.81 5.65 3.81 3.18 3.81 
3.81 5.08 3.18 3.81 5.08 3.81 3.18 5.08 
2.54 3.81 4.45 3.81 5.08 3.18 3.18 3.81 
4.45 5.08 4.45 3.18 4.50 3.81 5.08 4.95 
3.81 5.08 5.08 3.81 4.45 3.81 4.45 3.81 
5.08 3.81 3.81 3.18 5.08 3.81 3.81 5.08 
4.45 3.81 4.45 3.18 4.45 3.81 3.81 4.45 
3.18 5.08 5.08 3.18 4.45 3.81 4.45 4.45 
4.45 6.35 5.08 3.18 4.45 3.18 3.81 4.45 
3.81 5.08 5.08 3.18 4.45 3.18 4.45 5.08 
3.18 5.72 4.45 3.81 5.08 3.18 3.81 4.45 
3.81 4.45 4.45 3.18 4.45 3.75 3.81 4.45 
4.45 5.08 5.08 3.18 4.45 3.65 3.81 3.18 
4.45 4.00 5.08 2.54 4.45 3.81 3.81 5.08 
3.81 5.08 5.08 4.45 4.45 4.45 4.45 4.45 
5.08 5.08 4.45 3.18 5.65 3.18 2.75 4.45 
4.45 3.18 4.45 3.18 4.45 3.18 4.45 3.18 
4.45 3.18 5.23 2.77 5.08 3.18 4.45 4.06 
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Table C-1. (Continued) 
Depth (cm) 
3.22 kph 4.83 kph 6.44 kph 8.05 kph 
Row # Row # Row # Row # 
78 34 12 56 
Block #3 
5.08 4.45 2.54 5.08 4.45 3.18 3.18 3.18 
3.81 4.45 3.81 5.08 3.18 5.08 4.45 5.08 
4.45 5.08 3.81 4.45 3.18 4.45 3.18 3.18 
3.18 3.81 3.81 5.08 3.18 5.08 3.18 3.81 
3.18 4.45 5.08 3.81 4.45 4.45 3.18 5.08 
3.81 3.18 2.54 3.81 4.45 5.08 3.18 3.81 
3.81 3.81 3.81 4.45 3.81 4.45 4.45 3,81 
3.81 5.08 5.04 4.45 4.45 5.08 5.04 5.08 
4.45 5.08 3.81 4.45 3.81 5.08 4.45 3,81 
3.81 5.08 3.81 3.81 3.81 5.08 5.08 5,08 
5.08 3,81 3.81 3.81 3.18 4.45 5.08 4,45 
5.08 3.81 5.04 4.45 3.18 4.45 4.45 5,08 
3.81 5.08 3.81 5.08 4.45 5.08 4.45 3.18 
5.08 3.81 3.81 3.81 3.81 5.08 5.08 3.81 
5.08 3.18 3.81 3.81 4.45 5.08 4.45 3,81 
3.81 3.81 2.54 3.81 3.81 5.08 3.81 5.08 
5.08 3.81 3.18 2.54 3.18 4.45 4.45 3.81 
5.08 3.18 3.81 3.18 3.81 5.08 5.10 5.08 
4.10 5.04 4.45 4.45 3.18 5.08 3.81 4.50 
3.81 4.40 3.88 5.08 3.38 4.16 4.75 5,08 
Ill 
Table C-1. (Continued) 
Depth (cm) 
3.22 kph 4.83 kph 6,44 kph 8.05 kph 
Row # Row # Row # Row # 
56 12 34 78 
3.18 
5.08 
5.08 
5.08 
4.45 
4.45 
5.08 
4.45 
3.81 
5.08 
5.08 
3.81 
5.08 
5.08 
4.45 
5.08 
5.08 
4.45 
5.08 
3.47 
5.08 
4.45 
5.08 
5.08 
5.08 
5.08 
3.18 
3.18 
3.81 
3.18 
3.18 
4.45 
3.18 
3.81 
5.08 
5.08 
3.81 
4.45 
5.08 
5.08 
3.81 
3.81 
3.81 
3.81 
3.81 
5.08 
5.08 
5.08 
5.08 
5.08 
5.08 
5.08 
5.08 
4.45 
4.57 
4.26 
4.45 
4.45 
4.45 
5.08 
4.45 
3.18 
5.08 
4.45 
4.45 
5.08 
5.08 
5.08 
5.08 
5.08 
5.08 
4.45 
5.08 
5.08 
5.08 
5.08 
3.81 
3.81 
5.08 
3.44 
Block #4 
•5 5.08 
4.45 
' 3.81 
•5 5.08 
5.08 
i8 5,08 
i8 5.08 
18 3.81 
18 3.81 
18 3.81 
18 5.08 
h5 3.46 
18 3.81 
18 5.08 
18 5.08 
18 5.08 
;i 5.08 
;i 5.08 
) 5.08 
h 5.08 
3.18 
3.18 
3.81 
2.54 
4.45 
3.18 
5.08 
3.81 
3.81 
3.81 
3.81 
4.45 
3.81 
3.81 
3.18 
4.41 
3.81 
4.45 
3.81 
3.81 
4.45 
4.45 
3.81 
3.81 
3.81 
3.81 
4.45 
4.45 
4.45 
3.81 
3.81 
3.81 
3.81 
3.81 
3.56 
3.18 
3.18 
3.81 
4.45 
5.08 
3.81 
5.08 
5.08 
5.08 
5.08 
5.08 
5.08 
4.45 
4.45 
4.45 
5.08 
5.08 
4.13 
3.81 
4.45 
4.45 
4.45 
5.08 
4.45 
3.78 
112 
Table C-2. Experimental data of within-the-row spacing 
at different speeds 
Spacing (cm) 
3.22 kph 4.83 kph 6.44 kph 8.05 kph 
Row # Row # Row # Row # 
3 4 1 2 5 6 7 8 
Block #1 
25. 91 25. 40 25. 40 25. 40 26, .67 27, .94 25 .40 25. 
25. 75 23. 50 24. 13 26. 67 25 .40 24, .77 25 .40 25. 
25. 75 26. 35 24. 77 30. 10 25, ,40 27, .94 25 .40 25. 
22. 86 22. 86 24. 77 25. 40 25 .40 25, ,40 30 .48 25. 
22. 86 25. 40 22. 86 23. 50 25 .40 25, .40 25 .40 25. 
25. 75 25. 40 27. 94 25. 40 26 .67 25 .40 27 .94 27.  
25. 40 25. 40 25. 40 25. 40 25 .40 25 .40 26 .04 25. 
26. 04 24. 13 24. 13 25. 40 27 .31 25 .40 25 .40 26. 
24. 25 27. 75 26. 04 25. 40 22 .86 22 .86 27 .50 25. 
25. 40 25. 40 22. 86 25. 40 25 .40 27 .94 25 .40 26. 
24. 13 25. 40 25. 45 25. 40 22 .86 25 .40 25 .40 26. 
26. 67 25. 40 25. 40 27. 90 25 .40 25 .91 25 .40 25. 
26. 67 25. 40 26. 67 26. 67 25 .40 26 .04 30 .48 24. 
24. 13 27. 94 25. 40 25. 40 24.13 25 .40 25 .40 25. 
26. 67 25. 40 25. 40 25. 40 24 .13 26 .67 24 .77 25. 
26. 67 25. 40 25. 45 24, ,13 25 .40 24 .13 25 .40 25. 
25. 40 27. 31 26. 92 24.13 24 .77 25 .40 26 .04 26. 
25. 40 25. 40 25. 45 26, .31 23 .88 27 .94 25 .73 24. 
23, 13 24. 77 26. 05 22, ,86 25 .40 25 .40 25 .40 25. 
26. ,40 25. 40 25. 57 24, ,40 26 .67 25 .40 25 .50 25. 
40 
40 
40 
40 
40 
94 
40 
04 
40 
04 
67 
40 
77 
40 
40 
40 
67 
77 
40 
40 
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Table C-2. (Continued) 
Spacing (cm) 
3.22 kph 4.83 kph 6.44 kph 8.05 kph 
Row # Row # Row # Row # 
1 2 7 8 3 4 5 6 
Block #2 
26.67 
23.88 
26.67 
25.40 
26.04 
25.40 
26.67 
27.94 
24.13 
25.40 
25.40 
25.40 
23.50 
25.40 
25.40 
25.40 
25.40 
25.40 
25.40 
26.67 
25.40 
25.40 
26.04 
25.40 
25.40 
25.40 
25.40 
25.40 
25.40 
25.40 
25.40 
27.94 
24.13 
30.48 
25.40 
24.77 
25.40 
24.64 
25.40 
25.40 
24.13 
25.40 
25.40 
25.40 
24.13 
24.13 
25.40 
26.67 
25.40 
25.00 
25.40 
25.40 
25.25 
25.40 
25.40 
24.30 
26.67 
24.00 
25.65 
24.50 
25.40 
27.94 
25.40 
27.94 
26.67 
26.67 
29.21 
25.40 
24.13 
27.94 
26.67 
26.67 
25.40 
25.40 
25.40 
25.40 
26.67 
25,40 
25.40 
29.21 
25.40 
25.40 
25.40 
25.25 
25.25 
25.40 
25.40 
27.94 
27.97 
24.77 
25.25 
25.25 
26.04 
26.04 
25.40 
24.13 
2 2 . 8 6  
26.65 
26.65 
26.65 
2 2 . 8 6  
25.40 
25.40 
24.13 
24.13 
25.40 
26.29 
25.40 
26.04 
27.94 
26.67 
25.40 
25.40 
27.94 
25.40 
25.40 
2 2 . 8 6  
24.13 
25.40 
25.40 
29.21 
24.13 
2 2 . 8 6  
25.40 
25.40 
23.50 
25.40 
24.13 
25.40 
22.25 
24.00 
24.00 
25.40 
25.40 
26.67 
25.40 
25.40 
26.04 
25.25 
25.25 
25.40 
27.94 
25.40 
25.00 
26.67 
25.40 
28.21 
25.40 
24.13 
27.94 
25.40 
25.40 
25.40 
25.40 
25.40 
25.40 
25.75 
25.40 
25.40 
29.21 
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Table C-2, (Continued) 
Spacing (cm) 
3.22 kph 4.83 kph 6.44 kph 8.05 kph 
Row # Row # Row # Row # 
7 8 3 4 12 5 6 
Block #3 
25. 40 26. 67 27 .94 26 .67 25 .40 23 .13 22. 86 26 .67 
25. 40 25. 40 27 .94 25 .40 25 .40 25 .40 24. 13 25 .40 
25. 40 25. 40 25 .40 25 .40 25 .40 25 .40 25. 49 29 .21 
25. 40 27. 94 25 .40 22 .86 26 .67 26 .67 22. 86 25 .40 
26. 67 25. 40 25 .40 25 .40 25 .40 25 .40 25. 40 25 .40 
25. 40 27. 94 25 .40 27 .94 25 .40 25 .40 24. 13 25 .40 
25. 40 25. 40 27 .00 27 .94 26 .67 25 .40 24. 13 25 .40 
26. 67 25. 40 25 .40 26 .67 26 .67 25 .40 22. 86 25 .40 
25. 40 25. 40 25 .40 25 .40 25 .40 22 .86 24. 76 25 .40 
25. 40 26. 67 26 .04 25 .40 26 .67 26 .67 23. 75 25 .40 
25. 40 24. 13 27 .31 25 .40 25 .40 25 .40 25. 40 25 .40 
25. 40 25. 40 27 .31 25 .40 27 .94 24 .13 25. 40 25 .40 
25. 40 25. 40 26 .67 27 .94 27 .94 26 .67 25. 40 25 .40 
26. 67 24. 13 25 .40 24 .13 25 .40 25 .40 25. 40 25 .40 
24. 13 27. 94 25 .40 26 .67 26 .67 25 .40 25. 40 25 .40 
26. 67 25. 40 25 .40 25 .40 25 .40 26 .67 24. 76 25 .40 
26. 67 25. 40 25 .40 26 .67 26 .16 27 .31 25. 40 26 .67 
26. 67 26. 67 26 .04 25 .40 26 .67 25 .40 25. 00 25 .40 
25. 40 25. 40 27 .94 26 .67 26 .67 25 .40 25. 40 26 .67 
25. ,40 26. 67 27 .94 25 .40 25 .40 25 .40 25. 40 25 .40 
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Table C-2. (Continued) 
Spacing (cm) 
3.22 kph 4.83 kph 6.44 kph 8.05 kph 
Row # Row # Row # Row # 
5 6 1 2 3 4 7 8 
Block #4 
25. 40 27 .94 26. 67 25 .40 25. 40 26, .67 26 .67 29. 21 
26. 67 25 .40 26. 67 26 .67 25. 40 27, ,94 25 .40 29. 21 
26. 67 25 .40 26. 67 22 .86 25. 40 25, ,40 26 .67 25. 40 
25. 40 27 .94 25. 40 25 .40 24. 13 25, ,40 26 .04 25. 40 
25. 40 26 .67 26. 67 27 .94 22. 86 25, .40 27 .60 25. 40 
26. 67 26 .67 25. 40 24 .13 31. 75 27. ,94 25 .40 25. 40 
25. 40 26 .67 25. 40 24 .13 25. 40 27, .94 25 .40 22. 86 
25. 40 25 .40 27. 94 22 .86 26. 67 25 .40 25 .40 23.  50 
25.  40 27 .94 27. 94 25 .40 24. 13 25 .40 26 .04 25. 40 
25. 40 25 .40 26. 67 25 .40 25. 40 25 .40 27 .31 25. 55 
24. 71 27 .94 24. 13 25 .40 25. 40 25 .40 25 .40 26. 67 
25. 40 26 .67 25.  40 27 .94 26. 40 26 .67 25 .40 25. 40 
25. 40 27 .94 25. 40 25 .40 25. 40 27 .94 25 .40 25. 40 
24. 71 27 .94 25. 40 25 .40 25. 40 26 .67 25 .40 27. 94 
26. 67 25 .40 26. 67 26 .67 26, ,65 26 .04 25 .40 26. 67 
26. 67 27 .70 26. 04 24 .13 25, ,40 26 .67 25 .40 24. 13 
26. 67 25 .40 25. 40 24 .13 25, ,40 26 .67 25 .40 25. 40 
26. 67 26 .04 26. 04 25 .40 25, 40 25 .40 25 .40 25. 40 
25. 40 26 .67 25. 40 25 .40 25, ,40 25 .40 25 .40 25. 40 
25. 40 27 .94 25. 40 27 .94 26, .67 27 .94 26 .04 25. 40 
